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MEMORANDUM FOR; C/TSD/FASS 

f SUBJECT MKUUTRA.ZSuT^^oje^tJMo,^^ ; 


, t . Under the authority granted in tEa me nioi^vEoA' djiad !; 
from the DCI to the DD/A, and the extension of this aut’u rHy v me 

• memoranda, Subpr ojoet^_i33 has been approved, and $9,360.00 

of the over-all Project MKULTRA funds have been ohlh ed to \ ^ 

subproject's expenses and should B^“cS^r^e73''f0^bst”ffu¥t&r b 125-1390- 3902 


















































































































mmmm kr : m cciimo&m 

AmmOH I ; Finoace Division 


MIS ; a^Mayi gai' ' 


SUBJSCS 


wsmssA., 'Sub®s»teet. 133 


Under the authority fgaat- ad la th e g gmp&'qar 4ats& 13 April lp;7~. . _. 
frca tba DOT to the- W/A , ^ aai^leTextsaaion of this ewtb&rity la 7.7 

sequent cssterfistSa, Subgra jg<st 7'I33 has teeii approval-. aM.^2«3£&Us& „ — 

of the ovarrall Project MLOSiA fursfis .have: beak obligated to cover the 
subproject s 3 eKpeasjes ec& - sboald-.bs-chsrg^.^HJ-ccot cantor .__2.l8S»13j^3^S» 


Chief 

SSD/Steacarcb Branch 


AKSCVTS) FCB C3SJGA5KCU 
CS 1 F08DS; lVl 

^eseircft ~ 


] CERTIFY THAT FUNDS ASF AVAIlASLi; 
CiR'OaTION UrttSMCt Na. __ 

SKAFC* TO AUOU-.CMT Nj. 


AUfilOR'i ING OFF (Cl* 


Date 1 - 

Distribution: 

Qrig. & £ - A<Vlre-3se9 

>a^ - TSD/FAES 

2^^§d/KB 7(1 chron, lfile( finance) 


eck in the amount of $360„ 00 drawn 


2, Please forward the check# to Chief, TSD/Research Bran 
through TSD/Budget Officer, no later than 24 July 1961. 

3; Tht# is a final invoice. However, since it is anticipate 
that additional fund* will be obligated for this project, the fil es 


Branch 


Attached: 

Invoice !t Certification# 


o — 








CONFIDENTIAL FUNDS POSTING VOUCHER 























FORM AAA 0B94LCTC MCVI9US 










































fW« 1ft to certify that I h&vx rec*i*e4 « &cc*iAii»S ttm J^CULTRA. 
Sub-project ^ 133 for period 1 Sept«aber 196H «, 30 April 19^5 » ®* 
aecouatlag reflect# expe**«8 1* the aawwat of $307.88 for the ressaiala^ 

great balea c e. ~ 

B* «Mgra *<eff etataaaat asd S*y»«at cortlf lcat lra vill be retains 

by T3D yd vULl be isie wtlftVlft fear review la TSD, itaeeeeftiry* 

X certify that ft&tlafactory aenrice* repreaeated by the accounting 
Mto be ex received and that to the best of ay knowledge aad belief the 
fua&s expended were for the swrpoee* authorized by the proj ect a pproval 





I dertify that^ service? or ^.arials hava 
satisfactorily received *!'<> expenditures 





1 1 - *• ■ ; i - ■< : V'.l'TFTTfl 


extension of the e 




tranea 

on 12 October 1964. ” C- 

The current' balance on account 4^0.11 -is t30?«88» This 
sum will oe used for oayment of puolication costs ot a paper 
in ECONOMIC GEOLOGY eno the remainder for the purchase of 
extendable laboratory items. 


Thank you for .permitting this 


extension, 


Sincerely your 


co Research : Division 





October 12,1964 


In response to your I e t ter/of October:®, attached please 
find an accoun 1 1 ng o f m&mfe fund s P r a sea rch 
performed under the di recti on of1|g|§BBw^ 
the period beg inning September I, 1 96 2 and ending 
August 31,1964* 

We trust that the report is sufficiently detailed for 
your purposes.^::; : : 

Please ady!set»hatIdlspos It Ion should be made of the 

unexpended balance of $307.88, 


Very truly yours^,_ 


enclosure 


Assistant to the^C bmp t r o 1 1 e r 










!:ne extension of the ex piration 

Recount no. ) from tne“ 

‘ ■ Word of the~exjte nji^ »a a 

'% r»r» g m rttTf To¥e via tele phone oy 
on 12 October 196 1 *- 

The current balance on account UbO.llis $307*88. — This 
gum v i 11 be usedfor payment of mbllcationcoets or a paper 
in SCOKOMtC GE0L00X «no the remainder for tne pure wee or 
exoendable laboratory iteae. 




ThanX yoa for permitting this extension. 

Sincerely yours. 



cc Re se a rbh Division 
Comotroller 1 
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In response to your letter/bf October 8, attached please 
find an accounting of 

performed under the direction ofBBB^BHHaHftfor 


the period beginning September 
August 31,1964. ^ 





We t r us t t ha t the repor t I s suffl c i ently de tailed for . 

your purposes.:: : : ; ' -Y : ‘- 

Please advise what disposition [should be made of the 1 1 I 

unexpended balance of $507.88* 






■* - >■* 


Microbiolog y of Minerals 


Salaries 


k D 


Assoc. Professor 
Lab; Assistant 
Lab. Technician 
Total Salaries 


Supplies &■ Expenses 


Photographic Service 
Insti tut© Stores 
Telephone Expense 
Central Duplicating 



Electronic Stores 
Economic Geol 



Xerox Service 

Total Expenses 


9/1/62 


$1,748.11 

3.958.72 


f TTf&M 


5r V/63 • 
8/11/64 

$1,955.16 
4,362.60 
858.00 


\3s.-i?/3s 


Total ~ 

$ 3 , 703.27 

8,321.32 

858.0 0 

rrwrsT 


$1,055.92 

47.241 

17.56 

19.751 

1.75 

3.60 

31.70 

14.46 

13.05 

5.00 

4.30 

5.75 

121.06 

26.89 


$729.57 
— 7.50 
12.78 
11.50 

m 1 

15.80 


! 9 55 


$ 1 , 383.80 


1 01715 


.84 

1 46,31 
! 36.85 
21.47 
14.50 
2 .38 
$ l ,263701 


$1,785.49 

54.74 

30.34 

31.25 

1.75 
19.40 
31.70 
J.6.L9-. 
13.05 
14.55 
4.30 

5.75 

222.21 

26.89 


.84 
46.31 
36.85 
21.47 
14.50 
2.38 
!, 636*81 


Total Direct Costs 


$7,090.63 


$8,428.7? 


$15,519.40 


Indirect Cost - 14% of Direct Cost $992.69 


$ 1 , 180 . 03 : 


$2,172.72 


feta I 


$8,0*3. >2 


$ 9 , 608.80 


$17,692,12 


funds Provided 

(Overexpended) Underexpended 


$9,000.00 

/V. 2. 

$ 916.68 


$9,000.00 

/VA £ 

($ 608 . 80 ) 


I certify that serving ' 1 n** Lnr’.alo have tseit 
satlsfac fcorily rs.'-fi 1 '’"'’ ■■■■' expenditures 
7.ere incurred cn off in I •• | 


$18,000.00 

$307.88 
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PROJECT CRYPTO : MKULTRA # 133 



PRINCIPAL INVESTIGATOR 
DATE RENEWE D 



; 29 July 1963 


Du r i n g the p rev i ou s year 
efforts on the elucidation of 



__ concentrated his 
of I microbial action on 


mineral sulfides an d man ga ne se n odules. IT 1 1 

Bacterial dissolution of AsgSg.FeS^FeAsg, and 3 CU 2 SA S2S5 

was demonstrated! IThe end products were sho wn to be arsenite, — 
arsenate, Fe<* Fe^, and Cu^; with the fate of the sulfur still 
undetermined . 3^ri:r^ v I 

Studies on CuS 2 indicated that Thiobacillu s sp. were unable 

to solubilize this mineral in pure culture.! They found that dis- 
solution o f 71 hi si m i he r aliund erTnat ura 1 co nd i t i o n s necessitated 
the presence of Protozoa and fungi. Thes e organisms were all 
active under-conditions of cop per con ce ntr ation which would nor- 
mally be lethal! T 

studied to determine 

mat ions. A prelimi nary scheme for this activity was determined 
to be a no n-biolog ical dismutation Mn^' and Mn02 forming Mn/fr-. 


This latter: ion must be stabilized and it is 1 ike ly that or ganic 
by-products of bacterial metabolism play this role . 

has furnished three ^ul^ufes with interesting 
charac^TiltT^^f or ap plication t o the power, source studies 
under MKULTRA # 78. - 


During the present year methods for mass culture of min- 
eral ox id izers have boon develo ped which wi 11 if urn i sh cell 

material forenzymatic and resting cell studies. Continued 
work on manganese^transformations is emphasizing environ men- 
tal effects. 



revised 


5 September 1963 


Branch_ra___ C.tegory--S^^ * > 

• (formerly IVc) 

Microbial transfor- . „ . . * 

Project Tib- nations of Minerals item Classification — Unci as^ifigl— X,S£5£L. ~ 


Project Crypto- 


MKULTRA 133 


Branch Project No.. 


Crypto - Classificatior 


Unclassified 


N. A. - _ Project Engines; 


Contractor. 




Contract No _ 


N. A. 


Task No.. 


Type of Contract. 


MKULTRA 


. Date Initiated — 


12 July 1SS3 


$9 ,360.00 


Completio n Data _ 


Continuing 


Purpose; 




To provide the services of to support re- 
search or* f.undamental-_m.e.chMlif | I^r.'<>? mineral transformation 
fy microorganisms . — In^addi ti on to the direct potential for 
new energy source systems , the contract may provide by- 
products useful for material deterioration application. 


Status: Current and satisfactory. 


Requirement: Internally generated in support of tno i ocjuii G.r.onls to 

seek new and better sources of energy for oaxtery applies vion 
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Project Title— 0f- MlDt£gU 


Microbial itransforoatione , . _ ' - fla , / Reoort3 v 

of Minerals ‘ _ Item Classification— — Unclassified (R_go_— i. 


Project Crypt 


Crypto Classificatio n ; Unclasslf lej 


Branch Project No* 


Project Engineer 


Contractor- 


Contract No S»Aj 


Task No* 


N.A. . 


Type of Contract— JSSMBA, 


h 

■9,600.00 


Date Initiate 


Completio n Date— 


(kl 


Purpose; To provid e the services of «n<l to support research on 

mech a n isms of mineral transformatio n by microorganisms. 

In addition to the d irect poten tia l for nev energysourcesys terns, 
the contract may provide by-products useful for material deterioration 
application* 


Status: Current and sat isfactor y. 

REQUIREMENT SOURCE; Internally ge nerate d i n sup portofthe requirements to 
seek new and better sources of energy for battery application. 




DRAFT 

29 Jul y 1963 


MEMORANDUM FOR ! 
SUBJECT s 


TffiRECORD 

Continuation of MKULTRA, Subproject #133 . 


1. The pu rpose of MKULTRA, Subproject 133 is to enable TSP/BB to 
utilize the services o^ 



2. continues to provide data and materials which lend 
themselves to new and uni que approaches to energy production and t rans- 
formation (bio-batteries). His studies on Basic mechanisms of mineral 
transformations also provide nev potential paths for deterio ration of 



will function a3 


1 'ClilBfllTl ' 1 .1 this fiscal year. The cost of this program for one 


year will be:4970©0700 to which must he added $36^.00 which represents a 
service=charge^to The total ._cost_ of the 
program will not exceed $9,360.00. Charges should be made against Allot- 


ment no. in25*i39Q?390^zz:77Zzzi7z;i:z 1: i::::;: 

4 . I t i s not antici p ated that permanent equipment othe r than that 

listed in the budget will be required for this program. Title to the 

equipment listed will be re taine d by th e^ ^BwWfc- in lieu of higher over 


head rates 







for the period 

1 September 1963 « 31 August 1964 i 


Submitted on behalf of 



April 1963 


PURPOSE OP S1UOY 





This proposal is a request for renewal for the period 1 Septe^er^^3^ 

31 August 1964 of the grant-in-aid presently supporting research on\ 
fBflBBHBbThe field of investigation covered by the present grant is so broad and 
relatively unexplored that several additional years of research can be profitably 


spent in unraveling the problem^ carry increasing sig- 


nificance not alone academically but also practically, as in public health, conser- 
vation of mineral resources, mineral exploration, and mineyal^xtnction^ In public 
health, these investig ations are providing clues to the pos sibleorigln and control 


of acid ferruginous, and/or acid cupriferous, and/or acid arsenical stream pollu- 


tion, deriving bacte rial action on natural mineral de p osits in ce rtain geo- 
grapnical locations 1 ^ With continued population increase, maintenance of all water 
resources in a condition fit for human consumption becomes, more and more important. 


The work is also providingOddmonal clues 


chemistry in public water sup plies, where manganese togeth er with iron can cause 
discoloration of water an d water containers, and whor e manganese and iron are de- 

posited biologically in water mains andpipes. In the area of conservation of 

mineral resources,: the work provides a basis for assessing and con-; 
trolling any relative i nstabili ty of mineral deposits in relation to microbes. It 
seems evident that unco ntrolled bacterial Inching cou ld concoivabirioad to de- 
pletion and eventual com plete tr anslocation of som e deposits, In mineral colora- 
tion, this work indicates that s pccial gr ows of mic r oor ganisms known to be able to 
live at the expense of a s pecifi c mineral may be of great assistance in discovering 
aew sites of minoral deposits. Finally, this work lends additional support to the 


practice of using microbes in mineral extraction. 


2 




SUMMARY OF WORK ACCOMPLISHED UNDER THE 1962-63 

(a) MicrobiatlAction on Mineral Sulfides ; * . 

Quantitative studies on the action of the Thibbaclllus-Ferrobacinus 

group of bacteria on the diner als orpimcnt (As 2 Sj), arsenopyrite (FeS 2 FeAs 2 ), and _ 

enargite (3Cu 2 SAs 2 S 5 ) , were initiated. The bacteria achieved significant solubili- 
zation of orpiment , ; releasing arsenic as arsenite and arsenate, Oxidation of the 

sulfur portion of or piment is probable, but remains to be experimentally verified, 

Soso spontaneous, nonbiological oxidation o f orpiment occurred, but it was only 
about one-third as extensive as with bacteria. The chemistry of bacterial oxidation 

of orpiment appears to differsig nificantly from nonbiol ogical oxidation as reflect- 

ed by pH changes during the p rocesses , With bacteria" t he pH fel 1 from 3.S to 2,0 

in thirty-five days, but without bacteria it rose from 3,5 f to 5,0 in that tine. The 
precise chemical me chanism of or piment oxidation remains to be worked out. 

Quantitative^ork W bacterial oxi dation of arse nopyrite showed release 
of iron, arsenic, and probably sulfur, from the min er al. Most of the analyses in 

this study were carried out by an under graduate student for his senior thesis, The 

results have shown that, contrary to a sustained release of soluble arsenic from , 

orpiment by bacteria, only a limited amount of soluble arsenic was released by them 

from arsenopyrite. ; This hap pened in spite of a pron ounc ed ; release of iron, The 

reason for limited release of soluble arsenic by bacteria from arsenopyrite is the 

precipitation of iron arsenites and arsenates after a critical concentration of 

soluble iron and arsenite and arsenate has been rea ch ed. Although some oxidation 

of arsenopyrite occurred in the absence of bacteria, its extent was less and its 
chemistry different, because iron arsenates and arsenites were not precipitated 
without bacteria, and the pH of the medium dropped from 3.5 to 2.5 in thirty-six 
days with bacteria and ^ roM:fromI3,Srtol4,OZin that time without bacteria, 



1 33 ’^} 


The extensive repreci pitation of iro n and ar s enic thr ough bacterial action has 
direct implications with respect to possible translocation of the constituents of 
arsenopyrites in nature. The bacterial phenomenon also po ses a problem when arsenic 
and iron are to be extracted together from a natural mineral deposit, 

Q uan titative work on bacteria l oxidat ion of enarg ite has given re sults __ 

resembling those with arsenopyr ito. Although the bacteria are evidently acting on 
the mineral, a sustained solubilization of the component arsenic is not noted. 

Indeed, in the presenc e of bacteria the dissolved arsenic concentration drops after 
an initial rise. In the absence of bacteria the arsenic concentration rises slight- 
ly but continually. It is not clear from the results so far what the fate of the 

arsenic or copper is after bacterial ac tion be cause n o rec og nisable p r ecipitate was 

formed. Contaminating ironisreleased extensively by bacteria fro m the mineral but 

not without them. The released iron a ppears to remain in the ferrous state. The 
pH changes are from 5.5 to 2,5 with bacteria, and from 3.5 to 4,5 without bacteria, 
in thirty-six days. AT precise description of the chemical changes that enargite 


undergoes remains to be worked out. 

Growth o n c up rou s sulfide by th e Thiobacillus-Ferrobacillus grou p, in- 
vestigated chiefly by a g raduate st udent, is showing variable responses on different 
synthetic preparations. Bacterial enrichment cultures derived from several mine 


effluents during the past year have, however, give n more consistent growth responses 
on these preparations, The possibility arises that consistent action on cuprous 
sulfide requires the participati on of more than one organism. In this connection, 


the principal investigator found protozoa and fungi accompanyiirg the Thiobacillus^ 


Ferrobacillus group of bacteria in mine water The pr0t0 ‘ 

zoa included an amoeba and a flagellate, which appeared to grow at the expense of 


the bacteria and fungi, The amoeba were observed to ingest such organisms, 


Both kinds of protozoa are unusual in their tolerance of 800 p pm co p per and upwards 

of 2000 ppm iron. Ordinarily these metal concentrations would be expected to be 

lethal. The flagellate has been repeatedly subcultured in m iron-salts mediualift 

mixed culture with the Thiobacillus-Ferrobacillus group of bacteria, 


(b) Manganese Nodules 


During threeicruises in the Atlantic Ocean in June, July, and August, 
1962, as guest of the 4BKHIMRMnMM^Mffi^HMi9^thirty- four manganifer* 


ous samples and twenty- four coresof bottom deposits were taken, About two-thirds 
of the manganiferous sampl es have now bee n tested for th eir bacterial content and 
for the ability of these bacteria in aiding manganese addition to the respective 
samples, as previously described by Most of these samples were also ana- 


lyzed for total iron and manganese content. The results showed that the various 

manganiferous samples were by no means alike, In some cases this was obvious by 

visual inspection. In'otherJcases, however, the differences were not macroscopically 

apparent. Instead, the iron-mang anese content , or the bact erial content, or the Mn 
adsorptive power of thelsamples, showed differences. Results: of experiments, de- 
signed to test for the enhancement of Mn adsorption by manganiferous material with 

the help of the native bacterial flora, could be divided into four major categories. 

In one, bacterial enhancement of Mn adsorp tion occur red with or without prior 
surf ace-sterilizat ion , In a second, it Occurred only with surface sterilization, 


and in a third only without it. In a fourth, bacterial enhancement of Mn adsorption 


was not noted under either condition. Since not all bacteria from :_Mn nodules can 


enhance Mn adsorption,* inclusion of surface-sterilization in the procedure causes 
selection of different types of brgpismaTfrbm thelhodulerflora than omission of 
surface-sterilization. However, the full explanation for the variability of bacte- 
rial enhancement of Mn adsorption is more complicated than that. With a number of 


!/ 
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/ 

v 
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samples it was no ted that Miv uptake by manganiferous material result ed in a n et loss 
of manganese from the adsorber. The reaction accounting for this phenomenon is the 
result of a Hi ^imitatio n between Mn 2 * and Mn0 2 and will be discussed further below 

This reaction was exhibited by about one-sixth of the samples tested and shows that 

the properties of these sa mples aredlfferent from the res t. It can therefore be 
concluded that chemical and ph ysical properties of mangani ferous materials help to 

determine the effectiveness of bacteria in enhancing Mn adsor ption . Moreover, since 

all but one of the samp les of the 1962 collection came fro m extinct submarine volca- 
noes (sea mount s), and since quite a few of these samples behaved differently from 
earlier samples from other sources, it is postulated that geographic location of 
manganiferous samples may affect their chemical, physical* and biological properties. 

A clue to the nature of nonbiological Mn releasefrom manganiferous 
samples is provided by an exp erimen t wh ich shows a di smut at ion reactio n between Mn 

and Mn0 2 forming Mn 3 * wh e n nodules adsorb Mn 2 * , on the con dition that Mn 3 * is 

stabilized so as to prevent it from undergoing the reve rse reaction. Pyrophosphate 

was found to be an effective stabilizer. Since pyrophosphate does not occur in a 
marine environment, protein or amino acids may serve instead as stabilizors. Nodule 
breakdown can thus be accomplished biologically wit h sugar as the reducing agent of 7 
MnO , 2 or nonbiolog ical ly by a dismutation reaction between Mn 2 * and Mn0 2 . Why the 
latter reaction occurs with only some nodules, even though all have Mn0 2 and adsorb — 
kh 2 *, remains to be explained. 

The ability of Arthrobactcr to aid in Mn addition to nodular substance 
was shown in pure culture experiments, From similar tests it could be concluded 
that Vibrio can similarly aid in Mn addition, but not Achromobact er . All three _ ..... 

organisms have been found in nodules, Arthrobacter, at high peptone concentrations, 
causes clumping and heaping of nodular material; not so at low peptone concentra- 
tions. A similar phenomenon has been noted in soil • The clumping and heaping 



seems to reduce surface area, and therefore slows adsorption of Mn. 

Initial experiments have revealed that Arthrobacter can ai d In Mn ad- 

sorption by "synthetic” Mn0 2 . However, the adsorption and incorporation process of 

Mn i 2 * is not permanent , Th» previously cited dismutation reaction seems to come into J 

play eventua lly, probably when the bacteria become physiological ly inact ive at the — 
end of their growth: cycle. "Synthetic" Mn0 2 is a much poorer adsorbent than nodule 
material. It is postulated that the iron in nodule material helps to stabilize the 
manganese in it and, for as yet unknown reasons, increases :its adsorptive power. 

The core samples of bottom deposit s, col lccted last summer, were examined 

by enrichment for bacterial content. Th e dist ribu tion of bacteria in these cores 

was not uniform, nor were the ba cter i a necessari ly of the same kind at different 

depths in the same core. These findings are similar to those cited by Zo Bell 4 , 

Work is presently under way to te st the ability of the coresatnples to adsorb Mn 
with and without bacterial grow th. Differen ces in M n adsorptive capacity seem to 
exist among cores on the basis of tests so far. Such diffe rence s r i f corroborated 
by further tests, must reflect upon Mn di stribution in the sea and up on n odu l e dis - — 
tribution and structure, 
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PROGRAM OF FUTURE WOR K 'i 

(a) Mineral Sulfides _ . 

Although it is the intention to continue testing other mineral sulfides 
for susceptibility to attack by the Thiobacillus-Ferrobaclllus group, speci al atten- 
tion will b© paid to the details of bacterial action on orpiment, arsenopyritc, and 
enargite, Quantitative methods have to be developed for determining the proportions 
of various forms of a given element dissolved and reprecipitated after bacterial 
action. Such information should p rovide clues to the mech anism of "IMion by the ^ . 
bacteria. The detailed information on the fate of arsenopyrite and enargite. whe n 
available, will provide information concerning the effcct of side reactions on the 

overall process of bacterial mineraLoxidation.^Ultimately/ it is hoped to develop 

methods of mass culture ofTdesiredlorganism on a particular mineral to get enough!!^ 
cell material for resting cell studies and enzymatic investigations. 

(b) Manganese Nodules 7^ 

Two aims wi llibe followed ex perimentally in t his work. One is the further 
elucidation of environmental relationships to the process of nodulo development or 
degradation. The second is the elucidation of the biochemical mechanism whereby fto 
is added to, or released from, manganese nodules by bacteria. To attain the first 
aim, samples from various known sources will bo studied in respect to physical, 
chemical, end biological proper ties, and attempts will be made to correlate the re- 
sults with geographic location. In studying the manganese fixing capacity of bottom 
muds , possib le correlation with nodul e development wi 11 be sought . To attain the 
second aim, further studies with purified cultures from nodules will he made on 
nodulo material and on synthetic Mn0 2 to compare and contrast behavior. Since pre- 
vious experiments have already sKoMIOiffereMo iC action by bacteria betWen 
nodule material and MnO^, a condition is provided to compare the effectof iron on 
the two systems. It is planned to develop more specific assay procedures for 


V33.-P.7 


differentiating the various oxidation states of Mn and thereby to follow the exact 
fate of adsorbed or desorbed Mn, and to establish more clearly the role bacteria 
play in this process, Tho ultimate goal is to study the bacterial action on manga- 
nese on an enzymic level. i 


PUBLICATIONS ARISIN<mnLX)F ^E WORK UNDER THIS 


FOR 1962-63 



(5) It is anticipat ed that a p a peir will bo written for submission t o Ap 
: Microbiol, on the work with manganese nodules during the last year. 


PERSONNEL FOR 1963-64: 


Principal Investigator: 


Technician: 
Graduate Student: 


Biology 


Associate Professor of 



^ - 


April 1963 



for the peflo 
1 September 196 3 3 1 August 1 96 4 


COST ESTIMATE 


Principal Investigator 
1/8 time-academic year 
1/4 time -summer months 
Technician-full time 


$ 1,175 
: 785 


Total Personnel Payments 


$1,960 

4,330 

$6^290 


Consumable Supplies 

Chemicals 

Glassware 

Permanent Equipment 

Travel and Communication 

To scientific meetings 
Telephone 

Pub lication of Peports 


$-400 
.. . 200 


$ 250 
35 


Total Direct Cost 


—600 


$7,895 


Indirect Cost 

14% of Total Direct Cost 


TOTAL 


1,105 

$9,000 
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MEMQRANDUMJ FOR : THE RECORD 

SUBJECT : Continuation of MKULTRA, Subproject 133 

1. Th^ purp ose of MKULTRA, Subproject 133 is to enable TSD/BB^ 



2, Durin g the first yearof the program as made 

significant 'contributions 

of transforma tions. A Technical discussi onofthese accomplishments 

is attached hereto, with an outline of proposed woTk for th e c om mg year. 

It is that these i nvesti g ations may we ll lead to new approaches 

for energy tr an sfer s ystems (bio -batter ie s) and de te r for ation of metals. 

3 • • . .... . 

and MW duringT^^^^^^^^^^^^^^^ MU h ^® t0fSf ® 

this program for the second year will be $9, 000. 00 to which must be added 
$360. 00 which re presents a 4% service c h arge to be retained by the CHHTi B 
The total cost of the program,- therefore, will not exceed $9, 360.00. Charges 
should be made against Allotment NoT 3125-1390-3902. 

4. It is not anticipated that permanent equipment other than that 
listed in the budget will be required for this program. Title to the 



Attention: 


Subject : Preposal entitled 


25 June 1962 


The proposal isTnot being submitted elsewhere for 
possible support . 

Your consideration of our proposal will be appre- 
ciated and we look forward to hearing from you. 

Veryltruly yours 


Assistant Director 


Enclosure 



Proposal entitled 



Submitted on behalf of 




Associate Professor of Biology 



the current year, 1961-62, 


Since relatively 


little is known about microbial mineral trans forma tion, and In view of 
current academic and pra ctical Interest of microbio logists, geologists, 
mining englneers^soil scientists, oceanographers, etc., in the subject, 
this research shpul d^make a v aluabl e contribution t o science. 


S ummary of Past Work : 

a. Bacteriology of mineral sulfides. 

Attend ts were made to evaluate the mlcrobial flora isolable from 
unsterilized, crushed sulfide minerals by enrichment in mineral solution. 

The following -nineYals^wellT stud led: alabandlte, arsenopyrite, bornite, 

chalcocite, chalcopyrite, cinnabar, cobaltlte, covellite^ehargite, galena, 

marcasite, prpiment, pyrite, pyrrhotite, realgar, and sphalerite. Of these 

minerals, only cobaltlte^ enargite,galeta, pyrite* pyrrhotite, realgar, 
and sphalerite yielded microorganisms. Forthe most part these organisms 
were heterotrophic and probably represented contaminants. However, 

Hvohomlcrobium. isolated from realgar, a pink yeast repeatedly isolated 
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from sphalerite, and Arthroblctet, isolated from co baltite, galena, 
pyrrhotite, realgar, and sphalerite may constitute part of a normal 
flora. The action of any of these organisms with respect to the mineral 
with which they were found associated remains to be established. 

After surface- sterilization, some of the a bov e mineral sulfides, 
when enriched in mineral solution . have yielded iron -oxidizing auto- 
trophs. These mlnerals include arsenoo vrite . py rlte . pyrr hotite , chal- 
copyrite, enarglte, galena, marcaslte, and sphalerite. At least some of 
the Isolated bacterial strains are not restricted to a diet of iron for 
energy, but can use sulfur or, probably , some other oxidizable metals. 

The ability to grow on any o f t he ab ove su l fide minerals was tested 
by inocu l a t tng sur face-steri 1 e samp les in oxid i zing co lumns wi th Ferro- - 
bacillus ferrooxidans , and attempting to recover the organism from effluent 
feeding solution over a period of two months or more. So far.posittve 
results have been obtained with arsenopyrite, enargite, chalcopyrite, 

marcaslte, galena, pyrlte, pyrrhotite, and sphalerite. Negative results 

have been obtained with alabandite, bornite, cobaltite, covellite, chalco- 
cite, and one sample of galena. Cinnabar, orpiment, and realgar are being 

currently inve stigated . 1 

In addition to the foregoingqualitative work, quantitative studies 
on the rates of oxidation of syn th etic CuqS and natural arsenopyrite are 
presently being undertaken. From these studies it has become clear that 
synthetic Cu 2 S can be oxidized at least 4x as fast by-bacteria than by 
autoxidatton, and that arsenopyrite can be more rapidly oxidized by 
bacteria than byjautqxidation. Results with the latter material are not 
yet sufficient to establish" an exact rate comparison. The precise mech- 
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anism of bacterial oxidation remains to be established. The work with 


synthetic Cu^S proves, what some other workers seem to doubt, that Ft 
ferrooxidans can oxidize metals other than iron. 


b. Manganese Nodules 7 

Oceanographers have felt p retty stron gl y in the , past that the origin 


and development of man ganese nodules in the oceans j siattribu table to 
purely physicochemical processes. However, 

on finding organic nitrogen in nodules, 




concluded that biolo gical agents were involved in no dule genesis. At his 


suggestion , the principal investigator attem pted to f ind out if bacteri a 7 

might play a role in this. He found that bacteria were indeed present . • "' r 

in the nodularsubstance after su rf ace-sterilization (a rough esti ma te at _ 

present is 10^. per gram). They included Ach romobacter , Arthrobacter , 

Bacillus . Brevibacterium. Staphylococcus . Vibrio , an unidentified Trod, and 
an unidentified coccus. The pri nc ipal investigator- showed in quantitative 


experiments that nodular substance can adsorb manganous ion from ..sea__water,__ — 

and that this adsorp tion i s accelerated by bacteria tjiat grow from the 
nodular material. The acceleration of manganous ion adsorption is explain- 
able on the basis that the bacteria oxidize the adsorbed manganese, which 
facilitates further adsorption of manganous manganese. The acceleration 

requires the presence of peptone, to permit bacterial development. If 

peptone and glucose are present, manganese is released from the nodular 
substance rather than adsorbed, at least in a net effect. Since some 
nodules were apparently initiated around shark's teeth, ear bones of whales, 
pumice, etc., in the sea, attempts were made to see if oyster shells can 
adsorb manganous manganese and thus serve as possible foci of nodules. 


4 ' 


O 



It was found that they do adsorb It and that peptone did not stimulate this 
adsorption (no bacteria we re present*). As far as a survey of the literature 

has gone, these observations with respect to manganese. nodules toiffiL _ _ 

been repo r ted b e f o re . 777 7 : : 7777777: “7 77 7 


Pertinent literature; 7^ ^ r 

The early literature dealing with microbial actio on minerals has 

been covered by Alexander (1)>ZA byj^allkoya summarizes much of 


the past important work on Thlobaclllus fer.r_oox_idan s and Fer r^aOlU is 


fergooxidanS7(2), 7 An int imate ass oci ati on o firoq-oxidizing autotrophs 
with natural mineral sulfided has been indicated by the work of- 
qggfr and by of Lvali kova (5 ). Dif ferences o? optnlon extst between 

Bryner and Anderson (6), Halouf and Prater (7), and Ivanov, Narglrvyak, 

and Stepanov on the one hand^and on the 0t ^ 

about a roe ehanismo f TJinerat^sul fide oxidatiotTof^halcopyrite, molybdenite, 


chalcocite,' andlsphalerite, previous- studies on bacterla 

in manganese nodules has been reported. However, bacterial manganese oxi- 
dation and reduction by soirbacteria has been known for some time. An 

important quantitative study on l arge-scale bacterial manganese metabolism 

is that of MannTand Qu as tel-(9). Descriptions of manganese nodules are given 

by Hurray (10) and Dietz (11). A chemical and physical study of nodules 
was made by Buser and Gruetter (12). The finding of organic ^nitrogen in 
nodules was first reported by Graham (13) and Graham and Cooper (14), who 
also suggested a biological origin of th^ nodules on this basis. 


References; 
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P roposed New Work : 


Continuation of: present 1 i nes o f love s tiga t ion ; 

a. MineralSulfides: : 

1, Continuation o f Purve y of natural sulfide mineral s for 

a normal flora, with particular emphasison large-scale 
microbial action on mine rals. 

2 , Characterization of isolates (phys to logical and morpho- 
logical). 

3, Examination of isolates for specific mineralizing activities, 

4, Elucidation of biochemical mechanisms of mineral trans- 
formation. : 

b. Manganese Nodules: 

1. Qualitative and quantitative bacteriological ^comparison 

of can Mnese nodules from differ ent oceans. 

2. Study of the biochemical mechanism of manganous oxida t ion 
and MnC >2 reduction in the various bacteria isoiated, 

3. Determination of the mechanism of iron-incorporation into 

mflnganesgTnoddles . Z f 


The methods to be used in these s tudies will be ada ptations of standard 
procedures of bacteriology, physiology, and biochemistry . 


Personnel : 


Principal Investigator: C< 

Technician: ::: 

Graduate Student: /'J I 


Assoc. Prof, of Biology. 


(not present ly suppor te d) 


Undergraduate student: 
j fflBBF nder graduate 
research fellow) 


(simmer :1962) 
(summer 1963) 


Proposed Budget; 


PERSONNEL 

Principal Investigator 
1/8 time-academic year 
1/4 time-summer m onth s 
Technician-full time 


PERMANENT EQUIPMENT; 
Fluor ime te r — ~ _z: 


$ 1,050 
700 
4.155 


$ 5,905 
900 


CONSUMABLE SUPPLIES; 
Che tn 1 c a 1 s 


Glassware 


TRAVEL 

To scientificmeetings: 


300 

340 


640 

250: 


OTHER EXPENSES 
Publication: 
Telephone 


$ 180 
20 . 


2 QQ 


Total ;Direct;;Cost $ 7,895 


INDIRECT COST 


0 14% of Total Direct Cost 


1.105 


Total Cost 


$ 9,000 
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Chief, TSSTSeewch Branch” 
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(2) It ia hereby, certified Out this invoice applies to SubFrojecOIJ^,. 
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■ and the extension of this authority In subsequent raerorenda. 
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11 conduct a program of resea rch on mineral 


transforming micro organisms.: The work w ill consider both ecological 
and physiological aspects of the problem . Ways may also heshovn 
for growing food from minerals hy a non-photos ynthetic process 

because some "bact eria , alread y Known to attack certain minerals, 

can chan g e carbon diox ide into organic matter with the energy that — 
they der ive from the oxidation of minerals . ; 

as and for this project. The cost of this program for 

the first year will he^ $ 9 . 000-00 to vdtic h mu st he added J3 60.00 which 
represents a service charge to he retained hy the T* 1 ® 

total cost of the program, therefore will not exceed: $9, 360 . 00 . 
Charges : should he made ag ainst Allotment No. 1125-1390* 3902 ■ 

4. it is not anticipated that any permanent equipment will he 

. .. » 

required for this prog ram. 

$. Documen^^n^M^^^^^^^^^^exP 605 ® 3 which are 


relmhursahle^y |^pB fflHBWBHWBHi 
accepted practice of t hat organization • 



BUDGET I j 


1 . Salaries 

principal Investigator 
Assistant 

$ 4 , 500.00 

$ 4 , 000.00 

2 . Travel ~ v : : 1 

$ 200,00 

J. Supplies ^ 1 

$ 300.00 

TOTAL 

$9,000.00 
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A study O F MI mEKAL^T^NSFORMINO MICROaRffWlSMS- - 7 “”'““- : 

Purposes 

The project proposed herei n Is i n t end ed to proxldl i 

information on, the -microbiological participation in mineral . 

transformation. Only scanty knowledge's ’available in 

this field at the present time. The work will consider^ — 

both geolo gical arid ^hyglblbglbal^^pectsi of the problem. 

The findings should be a valuable contribution t0 funda- 
mental knowledge in microbiology , geology, and allied 

fields. Jhey^shouIcTlilso be a valuable contribution l 

to pra ft t 1 cal knowledge in thes e areas because ways may 
be shown to harnessrsomeTQf these ^ microorganisms to do 
useful work for Man, such as aiding in the conversion of 

minerals o f lo w economic value into subst an c e s o f high — 

economic valueSfays may al^be shown for. growing food 
from minerals oy a non -9 ho t o s y n t h e t i c process,: oecause 
some bacteria, al r eady known to attack certain minerals, - - 
can flbar. lfiqre"?regnlo' matter - with” t he~energy which 
they deriv e from the oxidation of the mi nerals, (l). 

This organic matter may then in turn serve as food for 
other m iftrgm»gahifl mX'~whlch m ay be ug ^drdlreCtly r _ br .i_ ln ^.. - — ^ : 
directly as fbbd^fbr Man. — ” ; 

FrornTprelTminary investigations oy the senior inves- 
tigator (2), it has become apparent that rainer&l-trans- 
forming microorganisms are - Intimately associated with 
various types of oinerals. The proposed research is 
designed to follow- up the leads from. this earlier woik 
to delineate clearly the environmental and functional 



interrelationships between mineral habitat p and the microor- 
ganisms found therein . 


Objectives: 

a ) Isolation of reoresentatlv e organ isms by enrlchra ent 
and pure culture methods : 

1. from ores and other minerals 

2 . f rbm Tdra i nags waters of min eral - depo sit 9 

3 . from _ s oils . “ 

b) A stud y of the o v er-a ll chemical activity on 
various mineral substances by enrichment cultures 
and pure cultures. The mineral substances will 
lncl ude 

1. natural" miner al s 

2 . synthetic minerals 

c) A study of themechsnlsms of action on various 
mineral substances by microbial 1$ dates. 


Plan of Research: 

a ) T gplatlon of reores en tat lv e cultures by enrlohn ent and 
pure culture methods. 

M ic r obi al enr ichme n t s u i 11 b e derived from 

crushed bresT^other mlnerar suostances, and soils by 

percolating nutrient sart^roiutlons through percolation 
columns charged with these materials. The effluent 
solutions w i 1 1 be sub cu 1 tu r e d i n appr opr late selective 
media, such as iron broth (3), ?u If u r oro'ch (4) , 
thiosulfate broth" (4),- nutrient broth, etc. 



Microbial enrichments will also be derived from Jflasfc 
cultures prepared by overlaying crushed ore, other 

nine ral substances?? an d soils with a nutrient gait 

soldtlbnV^Microblal enrlcMents of drainage waters 
from min era 1— d ep os its wll 1 be mad e o y 1 n dcu 1 at 1 rig 
suitable volumes into the various s elective media ; ; 

already cited. Other e n richment methods: may be used 
as they become appropriate. The ores and other 
mineral substances w il l be iTsed b efore and after 
surf ac e sterilization. 

Pu r e cu ltures from ttKe vario us i enrichments will 

be prepared by strewing on solidified inorganic and 

organic media,- whenever possible. In caseswher e 

neither highly purified a gar o r silica gels.- work, 
a n ut Io n:: tec hnique using select ive 1 lqiid media 
may be employed. .Culture' purity will oe established 
by appropriate morphological arid cultural observations. 
Attempts at establishing the ta xonomic identity of 
the 1 s o lates will? be made. 

b ) a study of the over-al l chemical activity on various- 

mineral^ubstances by^nrlchraent cultures and pure cultures. 

The over-all chemical activity will be studied with 
enrichment cultures and pure cultures acting on mineral 
subs tance s -of-toown compop 1 1 i on . In these studies, 
qualiWtlTe and quantitative measurements will be made 
on substrate decomposition, product accumulation, changes 
In tltuatable acidity, pH, redox potential, consumption 
of CO;;, O 2 , end organic matter, if any. A comnarison 



of activities In enrichment cultures 'with activities 
in du re cultures on identical media will reveal whether 
the cooperat 1 on of "more than one microorganism is 
requiredlfor a given transformation. 

c ) A study of the mechanisms of action or. various mi neral 
subs tances=’oy microbial — isolates. 

Tb a m echanl sra - of act ion on varlou s m 1 ne ral sub s t rat e s 
by purfi-Rultures will be investigated by the use of 
s tandard chemical, biochsra leal, and physiological techniques. 
The experiment al approach will Inc lud e a ou an t i t a 1 1 v e anal y si s _ 
of t h e a Ion on pu r e mi ne r a 1 c om p ou nd s , on sola ble fo rm s 
of the-cations and^anions of trhich the^reapective mlnei'als 
are comoosed, and on the theoretically possible intermediates 
of metabolism. -SuchTJnf ormati on will be-reculred for the 
formulation of ascheme that would explain the possible ^ 
over-all chemical reaction observed. : 


Ref erencegi==^; =: ^ ; 

1. Silverman and Lundgren . JTT^acterlolv 78 ? 326 (1959) . 



3 . Silverman and Lundgren 

4. MANUAL-- OF MICR03I0L0CiICAL METHODS , McGraw-Hill book 
0o. , Inc. , New Yorlc, ~195?f P* 




; ^ ^Xi^i^OP MlNfcRAL-THANSFOHH^^ HiCfiOOR(>ANISMS 1 ?>%"■* «2>? 
Literature Review: 

A number of reports exist In the literature about microorganisms 
whioh seem to be associat ed w ith processes of mineral transformation. 

In many inetaneesT the function which these microorganisms play Is _ 
not Known or has -been misinterpreted. The following le aediscusslon 

of some reports o n microbial action on mineralg_Qommon in natu re . 

Sulfur : 

An inspection of tne ?th edition of aergey’s Manual of 
De t e rm 1 native 3ac t erlolog y reve al s that bac teria have be en 

associated i ln_the past with sulfur oxidations and r edCC tlons ( 1 ,2 ) . 

The Thlobacterlaceae include membe rs th at have been shown t o oxi- 
dise varl ou s form s of sulfur more reduced t han sulfate. These 
organl sms are al l obi 1 gat el v or facultatively che moautotrophlc. 

Most are strictly ae robic . except for Thlobaclilus_ denltrlf leans . 

which is facultative. Photosynthetic bacteria, belonging to ohe 

flpi orohaoterlaceae a nd tne Thlorh odac ea e, h avebeen shown to_ use 

inorganic sulfur cbmpounds^o t ne r t han sulfate a s reductants In 

ohotos ynthesis. More Que stionable Is th e a s gociation of higher 

bacteria, the Begglatoaceae and Achrbmataceae^with sulfur oaldatlon. 

Their a s s oc 1 a 1 1 o n w 1 1 n s u 1 fur is la r g el y ba sed on the ooeerv a 1 1 on 

of In trac ellular depoe 1 1 ion of sulfur granules . Faust and Wolfe 

have recently shown tna t Begglatoa alba 1 s a ctivity on sulfur Is 
restricted lf^not absent, at least in laboratory culture (3)» 
tne habitats of all these oacterla seem to oe soli, fresh and 
marine watersT^and sulfur deposits (4), In at le^at one instance, 

* «tyyfc. ■ : : — 

a sulfur oxldlterTfas been isolated from Cpprolite rock 

(fossil dung) of tne Trlasslc Period (1). ^ fairly^recent review 

of the sulfur bacteria Is contained In (5) . 

Bui fur red uction h as been m ost exten sively s tudied In 

relation to the activities of Desulfovlbrlb desuifurlCans of ~ — 
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the Solrillaceae. Members of this genusreduce sulfates, 
thiosulfates , gulf Ites , etc. to hydroren^sulfide under anaerobic 
conditions, The^habltats of these bacteria include soil, sewage, 
water., oll-bearlng strata, etc. Uptodate discussions or the 
physiology! oi these bacteria are contained In (6,?). 

Iron como<wmdsJ L-v— ^ 

The inte raction of bacteria with Iron c ompounds was observed — 

as early as 1888 (87. In this work, a sheathed bacterium, 

Leotothr lx . was ooservedtodeposlt f er ric hydroxide in Its sheath. 

It waejbelieved th&t the organism was ohemoautotrophloy getting Its 
energy for carbon dioxide assimilation from the oxidation of ferrous 
loon. However, tne cneraoautotrophlc nature of this organism and 
many other i ron bacteria has not been sat isfactorily proven in 
the light ; of our present understanding of chemoautotropny . At 

present It seems more likel y that the s heathed bacteria ( Chlam ydo- 

bacterlaceae , Crenotnt lcaceae ) depos 1 t ferric -hydroxide from 

f e r ru g 1 n ou e waters In their sheath s without metabolic m e d i a t Ion. 

The same kind of ferric hydroxide deposition Is belleyed to take 
place In the case of the stalked bacteria (Caulobacterlaceae ) . 

In their case, too, it Is at presentquestloned whether cheraoauto- 
trophy accounts for the ferrlo hydroxide deposition. *he one 
exception in t.h i a Ins tanoe may b e Ga 1 1 lonell a f e r fug i n e a. (9) . 

Among ennansuiata d bacteria (glderocapsace ae ) , tne majority 
of tne bacteria seem to deposit ferric hydroxide In tneir capsules 
or outer pe 1U surface r by non-chemoaatotrophlc means. Only the 
genus Ferrobaclllus In t his fami ly oxidizes ferrous Iron by 
strictly cnemoautotrophic means , at a very acid pH (10). This 
genus is probably^elated to the ThlobaCterlaceae (1). The 
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reported habitat for all thes^ bac t eria la Iron-bearing water. 

Certain iron ores also seem to contain them ; (11 ) ■ 

Various coniaon bsctspi® are able to precipitate^ iron from 
organic gait corablhlti on ( 12) . Such genera as EacherlphyL. 

Aerobacter . Pseudomona e , Bac 1 llu s . etc. are! able to bring this 
about oy digesting jtway xne orga nic portion] of the salt. Actino- 
raycetes of tne g e n e r a Nocardia and Streptomyces can als o carr y 

out such activity. _____ • 

Ferric: iron reduction may be promoted directly or indirectly 

by microbial a gents. The indirect effect i s probably tne mo re 

common, taking-place in a reducin g environment at acid pH 

created by Various bacteria. However, Bacillus clrcul ans, can 

reduce ferric iron through direct metabolic; interaction (13 } . 

Iron sulfide 8 ma y be precipitated through t ne f ormat i on of 

hydrogen gii 1 f iae'b y sul fa te reducers or by release of hydrogen 

sulfide from organic sulfur compounds by various commo n bacteria. 

Mangane e e compounds! 

deposition , mt , 

Manganeseyhas oeen associated with many of the Slderocapsaceae 

which are al s o as s ool ated with iron deposit ion. In general, e v i d enc e 

is lacking for metabolic dependence of this manganese precipitation 

(1,2), although Bel jerlhck^Wdrted long ago- that some true 

oacteria and fungi from soil could oxidise manganese sulfate or 
manganes e carbona te (heterotrophioally ) (14,15) • Some bacteria 
seem to be -able to reduce: manganese dioxide -under conditions \ where 
this compound can act as an electron acceptor in place of oxygen. 
Quastel and Scholefield (16) reported on such a process. Cherao- 
auto trophic manganese oxidation has been reported by Prav£ ( 1 ? ) 
and by Sartory and Meyer (18), but confirmation of cnese observations 
is required*-™— — - 



Copper compounds : 


Transformation or copper comppand8_nas been reported by 
Cif erri and Scaramuazl (19) , Hurwita (20), and 3ryner and 
Jameson (21 ) . Only in the last of these three reports does 

evidence exist that enzymatic action on copper: compounds is 

Involved; in fact, - the bacteria in that report are described ^ 
as caenoaut otrophs allied to tne cnemoautotrophlc iron oxidizers. 

In tne first two reports, metabolic end-products are held 

responsible for tne transformation of insoluble copper compounds. 

Molybdenum compounds ; 

An or gan ism re la ted to tne o n em oau tb trophic iron-oxidizers 
has been d iscovered to be able to oxidiae t ne-mineral molybdenite 

(M 0 S 2 ) (22 ) . The products or its action on thlsmineral are 

sulfate and molybdic acid, wotning furtner seems to be known 
about thisttransformatibn, : 

Silicates : 

Baoilluezs Ulceus has been reported to release potassium 

from a bound state In aluminum silicates wnen tne organism is 

growing in a potassium deficient environment (23) , Aspergillus 
nlger has als o" be e n reported to decompose clay minerals to 
satisfy its potassium requirements (24), Acid formation and its 
subsequent action on tne miners Is ^probably ; accounts for tneipo- : 
tassiura release. ^The^acidsimay include banbonic, organic, 
nitric , and sulfur leZac ids . 

Conclusion ; ___________ 

This : lit era tu r e rev lew is Intended to bring out the fact 
that microorganismSIJmay brlngTabO’Jit mineral transformation in 
two ways, by direct enaymatic interaction, usually causing oxidation 
or reduction; or by i ndirect action t hrou gh tne production of 

environmental conditions wnicn promote transformations through 
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It is tnus clear Jinat^eyen: on: tnoss olopoorganigmsifoi* Whicn _ 

extensive informatio n is ava ilab le conce rning tnelr role in 
mineral transformation, furtner writ is neededtoclarify various 
points oi' conflicting inf omatiLW,^ 
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